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Cosmic Chemistry: Planetary Diversity
T

EACHER GUIDE 
ACKGROUND INFORMATION

The outpouring of the solar wind plasma from the sun has important consequences for
all the planets. Some of the effects of the variability of solar energy on Earth's
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atmosphere, like the auroras, are spectacular to observe; others can prove to be
disruptive, not only to our electronic communications, but also to our weather patterns.

The Earth is a huge electromagnet which, in turn, generates a very large magnetic field
that extends well into space. It is this magnetic field that provides our protection from the
solar wind plasma. It is also the interaction of Earth's magnetic field with the solar wind
that makes it necessary for the Genesis mission to go outside the Earth's
magnetosphere to obtain a "clean" sample of the solar wind.

n though we can extend the general concept of the Earth's magnetic field to all other planets, we find that planetary
ersity once again makes it difficult to generalize the characteristics of the planets' magnetospheres.

t of the difficulty stems from the fact that there is some uncertainty as to the underlying causes of a planet's magnetic
d. Scientists think that the following conditions must be present for a planet to have a magnetic field: a) there must be a
id region within the planet, b) this liquid region must be capable of electrical conduction, and c) the planet must have an
rgy sources that sets the liquid region in motion and keeps it moving.

ause there are questions about whether the internal structures of some planets fulfill these conditions, this activity
uses on the observed sources and the measured strengths of the electrically charged particles in the planets'
gnetospheres. However, students will be asked to revisit the internal structures diagrams they studied in the Student
ta Sheet, pages 3-5, “Are We Related?” in this module to determine whether or not they can find any underlying
ctural patterns that could contribute to variable planetary magnetospheres.

st students probably have been introduced to magnetic field lines using iron powder and a magnet, either as a physical
nce laboratory activity or demonstration. In the present activity students use iron powder to model the solar wind,

ving under pressure created by a pipette, encountering and interacting with an enclosed magnetic field. The student text
oduces the idea of planetary diversity not only in the shape, size, and strength of the planetary magnetospheres, but also
he types and sources of the high-energy charged particles that occupy them.

 follow-up questions allow for a range of student results and interpretations of those results in the same way that
rmation from planetary probes leads to variable scientific interpretations.

TIONAL SCIENCE STANDARDS ADDRESSED

des 5-8
ence As Inquiry

Abilities necessary to do scientific inquiry
Understandings about scientific inquiry

sical Science
Structure of atoms
Properties and changes of properties in matter
Motions and forces
Transfer of energy

http://books.nap.edu/html/nses/html/6d.html#csb58
http://books.nap.edu/html/nses/html/6d.html#csa58


 T E A C H E R  G U I D E                                                     

If you are
activity wi
class eac
powder sa
used for e
students. 
is magnet
used aga
the granu
demagne
powder b
enhance 
process.
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Interactions of matter and energy
Science and Technology

Understandings about science and technology
History and Nature of Science

Science as a human endeavor
Nature of science and scientific knowledge
History of science and historical perspectives

Grades 9-12
Science As Inquiry

Abilities necessary to do scientific inquiry
Understandings about scientific inquiry

Earth and Space Science
Earth in the solar system
The origin and evolutions of the Earth system
Energy in the Earth system

Physical Science
Structure of atoms
Properties and changes of properties in matter
Motions and forces
Transfer of energy
Interactions of matter and energy

Science and Technology
Understandings about science and technology

History and Nature of Science
Science as a human endeavor

Nature of science and scientific knowledge
History of science and historical perspectives

MATERIALS

For each student
• Copy of Student Activity, "Plasma Wars"
• Copy of Student Text, "Plasma Wars"
• Copy of Student Handout, "Plasma Wars"

For each group:
• One sheet of white paper (8.5" x 11")
• One round magnet (between 1 and 1.5 cm in diameter), available locally at 

craft shops
• Iron powder  (approximately 5 g)
• 2 strips of masking tape
• Beral pipette or medicine dropper

For follow-up discussion:
• Overhead transparency of figure showing the interaction of the solar wind  with the moon (see

PROCEDURE

1. Before class collect the materials necessary for the activity and make copies of the
following handouts:
• Student Activity, "Plasma Wars"
• Student Text, "Plasma Wars"
Caution!!!
 planning to use this
th more than one
h day, fresh iron
mples should be
ach group of
Once the iron powder
ized, it should not be
in for this activity until
les are completely
tized. Heating the
etween uses will
the demagnetization
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Safety Note

 goggles should be
ccording to local
tions.

 Procedure 8, below)

http://books.nap.edu/html/nses/
http://books.nap.edu/html/nses/html/6e.html#csg912
http://books.nap.edu/html/nses/html/6e.html#cse912
http://books.nap.edu/html/nses/html/6e.html#csb912
http://books.nap.edu/html/nses/html/6e.html#csd912
http://books.nap.edu/html/nses/html/6e.html#csa912
http://books.nap.edu/html/nses/html/6d.html#csg58
http://books.nap.edu/html/nses/html/6d.html#cse58
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2. Divide the class into teams of two students each.

3. Distribute copies of the Student Activity, "Plasma Wars" to each student and
the materials listed for each team.

4. Instruct the teams to complete instructions #1-#3 on the Student Activity sheet.
(If it is necessary for them to repeat the procedure, for best results, they should
not use the same iron powder.)

5. Have copies of the Student Text, "Plasma Wars," available for them when they
have finished their drawings.

6. Assign any unfinished portion of the student activity as homework for the next
period.

7. Start the next period’s class discussion on magnetospheres with questions
regarding the method students used in determining:
a)   Which planet's magnetosphere most closely matched their drawings?
b)   How the drawings should be labeled?
c)   What planetary characteristics appear to influence the size, shape, and compositio

8. The moon has no magnetic field or significant atmosphere, so the solar wind strikes its
the figure on the next page, showing the interaction of the solar wind with the
moon, either on the board or on a transparency. Ask students to compare this
figure with those of the planetary magnetospheres.

9. Have students review pages 3-5, “Diagrams of Internal Structures of Planets"
from the Student Data Sheet “Are We Related?” in this module. Ask them
whether or not they find any correlation between the internal structures of the
planets and the characteristics of their magnetospheres.

(*See page 4 for figure showing interaction of the solar wind with the moon.)
Alternate Strategy Tip

 NASA IMAGE satellite
gram's public outreach and
cation project has
eloped an inexpensive
eriment called "soda bottle
gnetometer." It lets students
nitor changes in the Earth's
gnetic field in their classroom
 look for signs of magnetic

rms and solar activity. For
re information, visit the
gNet site at:
://image.gsfc.nasa.gov/poetry/work
k/magnet.html
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Alternate Strategy Tip

en completing this activity it
 noted by one reviewer that

dents needed to practice
g the pipette. If your

dents have not used pipettes
he past, you may want to
e them practice controlled
fs using sand on paper.

n of its magnetosphere?

 surface directly. *Make a copy of

http://image.gsfc.nasa.gov/poetry/workbook/magnet.html
http://image.gsfc.nasa.gov/poetry/workbook/magnet.html
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Note.  The arrows in this diagram represents the Earth’s magnetic field. The rarefaction wave
is a wave of decrease in the density and pressure. The data in Figure 1 are from The New
Solar System, by J. K. Beatty and A. Chaikin, (Eds.), 1990, Cambridge, MA: Cambridge
Publishing Press.
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